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1. Errors arise when an action is intended but not performed; errors that arise from poor planning or inadequate knowledge are
characterized as mistakes; those that arise from imperfect execution of well-formulated plans are called slips when an erroneous act is
committed and lapses when a correct act is omitted.

2. Some tasks are intrinsically prone to error. Examples are tasks that are unfamiliar to the operator or performed under pressure. Tasks
that require the calculation of a dosage or dilution are especially susceptible to error.

3. The tasks of prescribing, preparation, and administration of medicines are complex, and are carried out within a complex system;
errors can occur at each of many steps and the error rate for the overall process is therefore high.

4. The error rate increases when health-care professionals are inexperienced, inattentive, rushed, distracted, fatigued, or depressed;
orthopaedic surgeons and nurses may be more likely than other health-care professionals to make medication errors.

5. Medication error rates in hospital are higher in paediatric departments and intensive care units than elsewhere.
6. Rates of medication errors may be higher in very young or very old patients.
7. Intravenous antibiotics are the drugs most commonly involved in medication errors in hospital; antiplatelet agents, diuretics, and

non-steroidal anti-inflammatory drugs are most likely to account for ‘preventable admissions’.
8. Computers effectively reduce the rates of easily counted errors. It is not clear whether they can save lives lost through rare but

dangerous errors in the medication process.

Error – ‘something incorrectly done through ignorance or
inadvertence’ [1] – is a fact of the human condition.We dial
wrong numbers, take wrong turnings, and make slips of
the tongue. Psychologists have pointed out the inevitabil-
ity of error in human actions [2]. As Mach stated, ‘Knowl-
edge and error flow from the same mental sources, only
success can tell the one from the other’ [3]. A conscious
human action can be performed correctly and reach its
intended goal. Errors arise when an action is intended but
not performed.The‘human factors approach’ is now widely
adopted in understanding medical error and in seeking
ways to reduce harm from errors [4, 5]. In this review we
consider how errors can occur and what factors alter the
risk of error. Other models have been proposed and are
reviewed elsewhere [6].

Forms of error

An error is a disorder of an intentional act. The act can be
considered in two parts: formulating the plan for action;
and executing it (Figure 1).

An error in formulating the plan is a mistake. Mistakes
occur when people undertake non-routine tasks that
require conscious (supervisory) attention, i.e. they require
problem-solving, judgement, diagnosis, or theoretical
knowledge, or are outside the previous experience of
the person undertaking them [7]. Even if a task is routine,
cognitive error is still possible, if it is ambiguous or poorly
understood or if, for example, the staff are not adequately
trained, so that they have to think out explicit solutions
to the problems posed by the task. Mistakes can arise
from a lack of knowledge, resulting in a poor plan, or
from good plans applied in the wrong circumstances.
An example of the former would be to begin warfarin
treatment by giving three doses of 10 mg on successive
days (‘10–10–10’) before monitoring coagulation. Such a
plan inevitably leads to over-treatment of many patients
[8]. A mistake of the second type occurs when cardiopul-
monary resuscitation is instituted on a patient whose
cardiac monitor shows a flat-line trace, not because the
patient has had a cardiac arrest, but because the leads
have fallen off.
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An error in executing a plan can occur either because
one or more step in the plan is executed incorrectly – a slip;
or because one or more steps is omitted – a lapse. Picking
penicillamine from a computer list of drug names when
intending to prescribe penicillin V is a slip. Intending to
write a prescription for penicillin V, but forgetting to do so,
constitutes a lapse. Errors occur when the execution is in
‘automatic mode’, i.e. it follows a well-worn path (the
‘schema’) until there is a distraction or failure of attention
[9, 10].

Actions do not take place in isolation, but as part of a
system, a group of interacting entities of which the person
performing the action is one. Hospital medication systems
are very complex, and the entities involved include, at the
very least, a medicine, a patient, one or several healthcare
professionals, pharmacy and pharmacy staff, and ulti-
mately the manufacturers and suppliers of the medicines.

The psychologist James Reason called attention to
latent errors, i.e. errors that arise because of systems that
have the potential to be unsafe – errors ‘waiting to happen’.
This is one reason why observed errors that do not result in
harm are nevertheless important to analyse. If they reveal
latent errors with the potential for harm, they can suggest
how to alter a system in order to make it safer.

Since errors are unintentional, there is support for the
view, first expressed 70 years ago, that ‘the ordinarily
careful and conscientious nurse who makes a mistake has
had, in the realization of her act, all the punishment and
discipline and suffering which are desirable. What is done
beyond that must be of a constructive nature or it had
better be left undone’ [11].

Violations, actions that deliberately disregard formal
instructions, are distinct from errors, which are uninten-
tional deviations from the intended action. Violations,
such as the use of proprietary names on drug charts that
specify the use of non-proprietary names, are common in
medication practice. Systems that tolerate common
violations can be criticized either because the formal
instructions are unsatisfactory and the violations are
understandable; or because the instructions are well
formulated but the system fails to ensure that they are
complied with.

Medication errors
The difficulties of defining and categorizing medication
errors have been reviewed elsewhere in this issue [12].
Here a medication error is taken to be ‘a failure in the treat-
ment process that leads to, or has the potential to lead to,
harm to the patient’ [13]. The treatment process includes
the prescribing, transcribing, manufacturing or com-
pounding, dispensing, and administration of a drug, and
monitoring therapy. Each of these separate activities has
many components. For example, a single prescription on
our hospital drugs chart requires the prescriber to include
21 separate pieces of information, such as the patient’s
date of birth and the time of administration of the pre-
scribed drug. Each entails an action with the potential
for error.

The process of administration of intravenous injections,
which is particularly likely to result in harm to the patient,
has been examined in some detail [14, 15]. At least a dozen
separate steps, and many sub-steps, are required to
perform this task; some are trivial but others have the
potential for serious error.The probability of undertaking a
multistep task without error is the product of the probabili-
ties of carrying out each step without error.† The corollary
of this is that a small risk at each step leads to a high
probability of error overall. For example, if there are 21
steps, each of which is preformed without error 99% of the
time, the overall process will be correct only 80% of the
time.

The probability of error

The risk of an error in performing the steps in a complex
task is not, in practice, the same for each step. Experiments

†If there are n steps and the probability of correct execution of step i is Pi,
the probability of the whole process being faultless is:

Pi
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Figure 1
Diagram of the ‘routes of error.’ An action is initiated with the intention of
reaching a specific outcome. When all goes well, there is no error, and the
intended outcome is achieved. Sometimes the plan will be wrong, or the
information used in formulating the action is wrong, so that it is impos-
sible to reach the intended outcome. Errors of this sort are labelled mis-
takes. If the plan is correct, and based on correct information, but there is
distraction on the route from intention to outcome, then a slip or lapse
results. Slips are errors of commission, whereas lapses are errors of
omission. Checking during execution can intercept errors (slips, lapses, or
mistakes)
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to determine the rates of error in elementary tasks have
given some insight into this. For example, Kirwan set out
nominal rates of human unreliability for a series of tasks
(Table 1) [16].

Berwick and Nolan provided estimates of the error
rates in healthcare, based on similar data (Table 2) [17].

Leape et al. examined the records from patients admit-
ted to hospital over a 6-month period [18]. Most of the
errors occurred at the physician ordering stage (39%), and
they were mostly due to lack of knowledge of the drug or
lack of information about the patient. Poor dissemination
of drug knowledge – lack of information on drug dosage
and routes, interactions, and contraindications – was the
most common systems failure, followed by dose and iden-
tity checking.

Experimental determination of the
risks of medication errors

In a systematic analysis of error rates at different stages in
the administration of intravenous medicines, reported
rates varied widely [15]. Experimental studies would allow
the fractional error rates for each step in the complex

process to be estimated. That would help to identify the
areas of highest risk. However, there are relatively few iden-
tifiable simulation studies of medication errors.

One particular cognitive challenge in prescribing
and giving medicines is dosage calculation. Lesar et al.
reported that more than one in six prescribing errors
involved miscalculation of dose, wrong decimal point
placement, incorrect expression of unit of measurement,
or an incorrect medication administration rate [19].
Calculation errors were more likely to occur in paediatric
settings.

In an early study, paediatric staff were asked to calcu-
late doses. In 8% of calculations, nurses made a 10-fold
error; paediatricians did so 4% of the time [20, 21]. Experi-
enced nurses made as many errors as inexperienced
nurses, but were more confident of their abilities [22].
When teams of paediatric staff were observed undertaking
simulated resuscitation tasks, there were 10-fold errors in
dosing on 3% of occasions [23]. The rate of 10-fold errors
was higher in a separate study of paediatric resident
doctors [24].

Physicians, nurses, pharmacists, and pharmacy techni-
cians all had difficulty in calculating drug doses in a
non-clinical environment, with an error rate of 5% [95%
confidence interval (CI) 3.7, 6.2] [25]. Risks were associated
with the number of infusions prepared in the previous
week, number of years’ professional experience, and
profession. When healthcare professionals were asked to
prepare intravenous infusions for use in neonates, 161/464
infusions (35%, 95% CI 30, 39) were made up in the wrong
concentration.

During a simulated resuscitation task, the concentra-
tion of injectate differed from the expected concentration
by >50% in 7% of cases [23].

Garnerin et al. [26] measured the error rates in (i) the
arithmetical calculations required to prepare an injection;
and (ii) the manual task of preparation.The measured rates
of error in the arithmetic task were 24% for nurses and 9%
for anaesthetists. For preparation, they were 3% for nurses
and 7% for anaesthetists.

Pharmacists and students, asked to identify newly
coined drug names, misclassified one in eight, and the mis-
classification rate was highest for those names that most
closely resembled existing drug names [27].

Patients were likely to misinterpret labelled instruc-
tions on medicines; the rates of misunderstanding the
instruction ‘Take one tablet by mouth twice daily for seven
days’ were 27% for patients with good literacy skills and
48% for patients with poor literacy skills [28].

An analysis of the potential flaws in the administration
of intravenous infusions in an intensive care unit led to
the introduction of a simple infusion dosage calculator
and a substantial reduction in the predicted error rate.
There was, however, no direct demonstration that the cal-
culated error rates corresponded to those occurring in
practice [29].

Table 1
Nominal rates of human unreliability for generic tasks (after Kirwan [16])

Task
Nominal
error rate 95% CI

Completely familiar, well-designed, highly
practised routine task

0.0004 0.00008, 0.009

Routine, highly practised, rapid task
requiring little skill

0.02 0.007, 0.045

Fairly simple task performed rapidly or
given scant attention

0.09 0.06, 0.13

Complex task requiring high level of
comprehension and skill

0.16 0.12, 0.28

Totally unfamiliar task, performed at speed,
with no real idea of likely consequences

0.55 0.35, 0.97

Table 2
Nominal error rates of activities in healthcare (after Berwick and
Nolan [17])

Task
Nominal
error rate

Error of commission, e.g. misreading label 0.003
Simple arithmetic errors with self checking 0.03
Error of omission without reminders 0.01
Inspector fails to recognize an error 0.1
Error rate under very high stress when dangerous

activities are occurring rapidly
0.25
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Factors that alter the risk of errors

The data on risk quoted in Tables 1 and 2 suggest that tasks
are associated with some intrinsic risk. Routine and well-
specified tasks are less likely to be risky than novel or
poorly specified tasks. Tasks that carry a high cognitive
burden, for example, are susceptible to mistakes. On the
other hand,when two tasks that are largely automatic have
similar schemata, there is a risk that inattention will allow a
slip from one schema to the other [9]. Driving home (‘on
auto-pilot’) rather than driving to the supermarket would
be an everyday example.

The overall safety of a system depends heavily on
checking for errors during the process, but an analysis of
three healthcare incidents concluded that routine collabo-
rative cross-checking had not been effective [30].

The intrinsic risk can be modified by other factors. In
the context of medication errors, these include: factors
relating to the person performing the action; the possibil-
ity that other people will supervise or intervene; the cir-
cumstances in which the action is performed; the state of
the patient; and particular characteristics of the medicine.

The person performing the action
Some people are more likely to err than others for consti-
tutive (‘canonical’) reasons, such as their intrinsic thor-
oughness, hesitancy, or perfectionism [31]. Overlaid on this
‘differential accident involvement’ are other factors that
can increase or reduce the likelihood of error. In a large
prospective Australian study of anaesthetists, one or more
of the following factors was thought to be present when
medication errors occurred: inattention (37% of medica-
tion errors); haste (39%); distraction (27%); and fatigue
(11%) [32].

An analysis of 1305 errors made by nursing students,
reported to the American MEDMARX Patient Safety pro-
gramme, identified inexperience (78%) and distractions
(20%) as the principal factors contributing to the errors
[33]. In a paediatric emergency department, errors were
more likely to be committed by junior doctors [odds ratio
(OR) 1.64; 95% CI 1.06, 2.52] and in seriously ill patients (OR
1.55; 95% CI 1.06, 2.26), even after controlling for patient
age, waiting time, and other factors [34].

In a prospective study of prescribing errors in an eye
hospital, drug-related errors were identified in 15/1808, all
made by junior doctors and none by senior doctors. Con-
versely, senior doctors made just as many errors as junior
doctors in writing prescriptions [35].

In a Dutch hospital study, the OR for an error by pre-
scribers in orthopaedics was 3.36 (95% CI 2.08, 5.41), and
for nursing staff 2.53 (95% CI 1.77, 3.62) compared with the
average rate for staff in a large hospital [36].

The mental state of the prescriber might influence sus-
ceptibility to error. In a questionnaire study of 123 paedi-
atric residents, the 17 who were depressed were six times

as likely to describe making a medication error as those
who were not, whereas the 77 described as ‘burnt out’ had
average error rates [37].

Training
Training can reduce error rates, for example in resuscitation
drills. Up to now there has been little direct evidence that
training before qualification reduces medication error
rates after qualification. There is some evidence that
students cope better with Objective Structured Clinical
Examinations of prescribing skills over time [38].

Site
The risk of harm from medications in hospital depends on
the type of ward. Rates, expressed as adverse events per
1000 patient-days per drug used, were twice as high on
medical intensive care units as on surgical ones [39].Several
other studies have shown high rates of medication errors in
intensive care units [40–42]. Part of the explanation may lie
in the higher rate of prescribing errors in critical care units,
where the prescriber may not have immediate access to
critical information such as drug allergies, drug–drug inter-
actions, or concomitant medical conditions [43].

Drug use on neonatal units entails especially high risks
of medication error, partly because the doses used in treat-
ing babies weighing 1 or 2 kg are very small compared with
doses used in older children and adults, but the size of a
drug vial is geared to adults. Almost one-third of intrave-
nous drug prescriptions observed on one paediatric unit
were for less than a tenth of the contents of a single vial [44].

In a 6-month prospective analysis of medication order
errors in a large Israeli hospital, the surgical ward had the
highest number of errors, followed by internal medicine
[45]. Prescribing errors in outpatients seem less common
(7.6% in one study) [46].

Time
Wright et al. examined a surgical database of 130 912 oper-
ating room cases over a 4-year period [47]. Operating cases
that began in the late afternoon were significantly more
likely to experience adverse events than cases begun at
other times. The authors suggested that this may have
been a result of several factors such as patient character-
istics, fatigue, and case workload.

Working conditions
Taxis et al. identified several error-producing conditions
associated with intravenous medication errors [48]. Lack of
knowledge of the preparation procedure and inadequate
use of technology were the most common failures. The
authors also highlighted the role of the technology –
poorly designed equipment or unsuitable preparation
procedures – in producing errors, and lack of appropriate
training and failure to involve pharmacists as important
latent errors.

S. E. McDowell et al.
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In Dean’s prospective analysis of prescribing errors in
hospital [49], the following were all identified as error-
producing: working conditions (insufficient staffing levels,
heavy workload); the team (lack of communication); the
individual (fatigue, hunger, lack of skills or knowledge); and
task factors.

Nichols et al. carried out face-to-face interviews with 26
medical staff members who had been involved in a medi-
cation error [50]. There were 21 slips or lapses, and eight
knowledge-based mistakes. All administration and dis-
pensing errors were caused by errors in attention or lapses
in memory. The healthcare professionals responded that
slips or lapses were more likely to occur when they were
busy, tired, or distracted.

In a large direct-observation study of drug administra-
tion errors in a paediatric teaching hospital over 1 year,
27% of administrations contained an error [51]. Nurses
who worked full-time in the unit were less likely to make a
medicine administration error. The authors suggested that
the high error rate might have been due to the lack of
training and the limited familiarity of nursing students or
temporary staff with paediatric dosage forms.

Landrigan et al. examined the effect of an intervention
schedule that eliminated extended work shifts and
reduced the number of hours worked per week [52].
Interns made significantly fewer serious medical errors
during the intervention schedule than in the traditional
schedule (100 compared with 136 errors per 1000
patient-days).

In a study in two Dutch intensive care units, at least one
administration error was associated with 33% of medica-
tions administered (when time errors were excluded) [53].
There were more errors with gastrointestinal drugs and
more errors on Mondays.

In a large observational study of a cardiovascular tho-
racic surgery unit and a geriatric unit, medication adminis-
tration errors were associated with a high nurse workload
and incomplete or illegible prescriptions [54].

Several studies have reported an increased incidence in
errors due to stress [55, 56], fatigue [56–59], and heavy
workload [49, 60].

In a review of potential adverse events in 132 Japanese
long-term psychiatric care units the registered nurse ratio
– the ratio of registered nurses to assistant nurses – was a
significant predictor of potential wrong drug administra-
tion events [61].

Qualitative interviews with nurses who had made a
drug administration error over the course of a 12-month
study identified specific factors that the nurses felt contrib-
uted to the error, including: work load; poor skill mix; inter-
ruptions; loss of concentration; lack of knowledge; and
tiredness or sickness [62].

Psychiatric nurses identified specific factors believed to
have contributed to medication administration errors,
including: busy, noisy wards; staff shortages; failures in
communication; confusion over similar-sounding drug

names; and problems with the physical layout of the drug
administration area [63].

The patient
A meta-analysis showed that the proportion of admissions
to hospital with adverse drug reactions that were prevent-
able was much higher in elderly than in younger adults
[64].

In a review of medical records from hospitals in two
American states there was a significantly higher incidence
of preventable drug-related adverse events in patients
aged >64 than in patients aged 16–64 years (5% compared
with 3%) [65].

Errors are also significantly more likely in children. An
inpatient study using a prospective chart review showed
that the rate of ‘near-miss’ errors in children was three
times the rate in adult patients [66].

Raju et al. undertook a prospective analysis of incident
reports over 4 years from a paediatric and neonatal inten-
sive care unit [67]. During the study period 2147 patients
were admitted and 315 medication error incident reports
were submitted. Wrong time was the commonest type of
error. Errors were most frequent during the day shift,
although this was most probably due to the large number
of prescriptions issued during the day.

Haw et al. undertook a retrospective analysis of medi-
cation administration errors reported in a UK psychiatric
hospital. The majority of errors (53%) were reported by
the adolescent division, compared with only 3% among
elderly patients [63].

The medicine
In a retrospective review of medication errors reported
over a 4-year period in a large paediatric hospital, antibiot-
ics were the commonest drugs and the intravenous route
was the commonest (56%) route involved [68].

In a large 9-year study of prescribing errors in a teach-
ing hospital, antimicrobials (34%), cardiovascular agents
(16%) and gastrointestinal agents (7%) were identified as
the three drug classes most commonly involved in pre-
scription errors [69].

In a systematic review, three drug classes most com-
monly associated with preventable drug-related hospital
admissions were identified: antiplatelet drugs (including
aspirin when used as an antiplatelet drug), diuretics, and
non-steroidal anti-inflammatory drugs [70]. According to
another review, errors were more likely with medications
used in the eyes (OR 11; 95% CI 4.3, 29) or for inhalation (OR
4; 95% CI 2.6, 6.6) [36]. In a prospective study, anti-infective
drugs accounted for most errors (39%) [46].

Han et al. undertook a prospective study of intravenous
fluid administration errors in a surgical ward over a 4-week
period. The lack of permanent staff and the presence of
peripheral lines contributed to administration errors. The
level of nurse experience, the time of drug administration,
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and the patient’s sex were not associated with an
increased risk of errors [71].

The risk of harm from over-sedation in children
increased substantially when more than two drugs were
used: with three drugs 13/15 episodes resulted in death or
permanent neurological damage compared with 24/45
when only one drug was used [72].

Computer assistance

Potts et al. studied the impact of computer physician order
entry on medication errors in a paediatric critical care unit
[73]. The rate of medication prescribing errors fell signi-
ficantly from 30 per 100 orders to 0.2 per 100 errors. The
rates of potential adverse drug events and rule violations
also fell significantly.

In a prospective study in three units, of which two used
paper-based prescribing and one computer-based pre-
scribing, minor medication prescribing errors were signifi-
cantly lower in the computer-based unit (0.7 per 100
orders) than in the paper-based unit (18 per 100 orders)
[74]. Serious prescribing errors were also significantly
less common in the computer-based unit. However, the
authors reported that the computer system introduced
two new types of errors: double prescriptions and insuffi-
cient drug monitoring information.

When a computerized system offers ‘decision support’,
i.e. provides the user with knowledge and warning, the
information is often ignored. In one hospital study, 80%
of allergy warnings were overridden. In general practice
>90% of alerts were over-ridden [75]. While ‘the over-rides
were deemed clinically justifiable’, 6% of patients may have
experienced an adverse reaction as a result [76].

In a residential care setting many alerts were disre-
garded and the number of appropriate prescribing deci-
sions was only slightly increased compared with a control
setting in which alerts were not displayed [77]. Overall, a
systematic review found that 50–90% of all alerts were
overridden [78]. Since alerts are perceived as criticism, it
has been suggested that effective systems might be more
readily espoused if they also provided congratulations –
positive feedback [79].

Garg et al. systematically reviewed 97 studies of com-
puterized decision support and concluded that many
systems improved practitioner performance. ‘To date, the
effects on patient outcomes remain understudied, and,
when studied, inconsistent’ [80].

In the UK, where hospital prescribing is usually paper
based, introduction of a computer-based prescribing
system halved prescribing errors in a small before-and-
after study on a surgical ward [81]. In a separate study,
based on an intensive care unit, error rates fell from 6.5 to
4.8%, mainly because of the reduction in errors of omis-
sion, although the computer system was responsible for at
least one important error related to a drop-down menu:

that is to say, when the operator had to perform cognitive
tasks [82]. An analysis of a dosing error that led to a dan-
gerous overdose of potassium solution found errors ‘in
several converging aspects of the drug ordering process:
confusing on-screen laboratory results review, system
usability difficulties, user training problems, and subopti-
mal clinical system safeguards’ [83].

Conclusion

Medication errors are no different in their genesis from
other human errors: some result from poor knowledge or
defective plans, and some from the unavoidable slips and
lapses that are inevitable dangers in routine acts. Checking
should intercept errors, but what little evidence is available
suggests that routine checking is sometimes little more
than ritual. While computers can effectively reduce the
rates of easily counted errors, there is much less evidence
that they can save lives lost through rare but dangerous
errors in the medication process.
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